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Alternative fuels research at LAE 

Aim of research program: 
Evaluation of various feedstock to fuel pathways for producing drop-in 
fuels for aviation in terms of overall sustainability 

 
Sustainability metrics considered 

•  Climate impacts 

•  Air quality and public health impacts 

•  Water impacts 

•  Land usage  

•  Costs of production 

 

Research on alt fuels presented today funded under the PARTNER 
COE 
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Feedstock and pathway scope in research program 

Alcohol-­‐to-­‐
Jet	
  Fuel	
  
(ATJ)	
  

Sugar	
  
Extrac6on	
  

Oil	
  
Extrac6on	
  

Pyrolysis	
  

Syngas	
  

F-­‐T	
  Jet	
  
Fuel	
  (FTJ)	
  

Pyrolysis	
  
Renewable	
  
Jet	
  	
  Fuel	
  
(PRJ)	
  

Advanced	
  
Fermenta6on	
  	
  
Jet	
  Fuel	
  (AFJ)	
  

Hydro-­‐	
  
processed	
  

Esters	
  and	
  FaEy	
  
Acids	
  (HEFA)	
  	
  

Jet	
  fuel	
  

Sugars	
  

Sugar-­‐derived	
  
Renewable	
  	
  
Jet	
  Fuel	
  (SRJ)	
  

Aqueous-­‐	
  
phase	
  

processing	
   Hydro-­‐
processing	
  

Alcohols	
  

Fermenta6on	
  

Dehydra6on/	
  
Oligomeriza6on	
  

Gasifica6on	
  

Advanced	
  
Fermenta6on	
  

Hydro-­‐
processing	
  

Bio-­‐oil	
  

Hydro-­‐
processing	
  

Oils	
  

Hydro-­‐
processing	
  

Fossil	
  and	
  biomass	
  feedstocks	
  

Fischer-­‐	
  
Tropsch-­‐	
  
Synthesis	
  



6 

GHG analysis – Current state of the analysis 
Prelim

inary	
  –	
  do	
  not	
  quote	
  or	
  cite	
  

Note: Non-CO2 combustion emissions not included  

Source: Stratton et al. (2010) and ongoing research at LAE 



7 

Scope of today’s presentation on production costs 
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Approach 

•  Bottom-up cost model using process modeling results for HEFA fuel 
production 

•  Model aims at estimating minimum selling price for HEFA jet fuel 

•  Fuel producer perspective:  
•  All relevant costs for producer are taken into account (including 

financing costs, taxes)  
•  Feedstocks are bought from open market and fuel products are sold 

to airlines and other consumers 
•  Fuel producer requires certain rate of return in order to be willing to 

invest into facility 
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Approach (‘ctd) 

 
•  Minimum selling price estimated using Discounted Cash Flow Rate of 

Return Approach (DCFROR): Model solved for the minimum selling price 
defined as the jet fuel price at which the net present value of the project 
cash flow equals zero at given internal rate of return. 

•  Minimum selling price estimated for n-th plant operations 
 
•  Minimum selling price defined as function of: 

•  Capital costs (considering economies of scale)  
•  Financing costs (leverage, interest rate, etc.) 
•  Required internal rate of return  

•  Operating costs 
•  Input costs (feedstock, fuels, electricity, water, labor, etc.) 

•  Revenues 
•  Product slate (making diesel fuel, jet fuel, naphtha, etc.) 



11 

Baseline assumptions for DCFROR 

 

Source: Pearlson (2011) 
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Process Modeling 

 

Process Models 

•  Major equipment and utilities are identified for capital costs. 

•  Material and energy balances are determined for operating costs. 

Source: Pearlson (2011) 
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Capital costs 

 
 Estimating Capital Costs: 

•  Capital costs are estimated from 
process engineering handbooks 
using cost curve method, quotes 
from engineering firms, and 
compared to other techno-economic 
reports in the literature.  

•  Financing costs (leverage, interest 
rate, etc.) and the required internal 
rate of return are based on current 
market rates and used as variables 
in sensitivity studies.  

Source: Pearlson (2011) 
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Operating costs 

 
 
Estimating operating costs: 

•  Input costs are estimated using publicly available data. 

•  Raw materials, such as biomass and vegetable oils prices, are 
obtained from the CME group and USDA Agricultural Research 
Service. 

•  Utility costs, such as electricity, natural gas, and fuel prices are 
obtained from the US DOE Energy Information Agency. 

•  Other operating expenses, such as labor wages, insurance, are based 
on economic models presented in petroleum refining handbooks. 
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Operating costs 

 
 

Source: Pearlson (2011 
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Revenue 

Revenue calculations 

 
•  Product volumes are determined from the process model and 

experimental results in the literature. 

•  Market prices for fuel products are obtained from the US DOE Energy 
Information Agency or determined in a break-even analysis. 

•  Price supports (RIN values) are not reflected in the minimum selling 
price. 
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Minimum selling prices 
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Sensitivities 
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Algae HEFA jet fuel production cost model 

HEFA fuel 
production model 

Algae growth and 
extraction model 

Minimum selling price (gate) for algae-derived HEFA jet 

•  Addition of an algae growth and extraction cost model to 
HEFA fuel production cost model 
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Costing approach 

•  Bottom-up cost approach using microalgae growth models 
(photobioreactor optimization models) and HEFA jet fuel production model 

•  Model aims at estimating minimum selling price for HEFA jet fuel from 
algae oil 

•  Producer perspective:  

•  All relevant costs for producer are taken into account (including 
financing costs, taxes)  

•  Costs of algae oil production are explicitly modeled 
•  Algae oil and fuel producer require a certain rate of return in order to 

be willing to invest into facilities 

•   Minimum selling price estimated using Discounted Cash Flow Rate of 
Return Approach (DCFROR) 

•  Same overall cost build-up in algae growth model as in HEFA fuel 
production model 

•  Minimum selling price estimated for n-th plant operations at pilot scale 
(137 bpd fuel output) 
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Growth Systems considered 
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Cost data sources and uncertainties 

•  Component scale, and material and energy inputs are determined through 
optimization model 

•  Capital cost estimations for components are determined from vendor 
quotes and from refining literature  

•  Variable operating costs for inputs are taken from publicly available time-
series data 

•  Fixed operating costs are determined from plant economics literature 
and industry advice 

 
•  Uncertainty in terms of actual costs is captured through three cost 

scenarios (low, baseline, high) 

 



25 

Production costs and GHG emissions 

Notes: AssumedJP-8 Gate Price Ranges (1.00, 3.00, and 5.00 $/gal) and JP-8 LCA GHG Emissions (80.7, 87.5, and 
109.3 g-CO2/MJHEFA-J) Ranges Variability Bars Represent Low and High Scenarios 
Results are for a pilot scale facility (i.e. 137 bpd) 

Source:	
  Carter	
  (2012)	
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Approach 

•  Top-down cost estimations using publicly available information on 
(projected and/or actual) capital and feedstock costs for F-T facilities using 
different feedstocks: 

•  CTL 
•  GTL 
•  BTL 
•  CBTL 

•  Analysis aims at understanding impact of “real-world” production 
conditions and scenarios on production costs  

•  Particular emphasis is placed on economies of scale in F-T technologies. 

•  “Scoping exercise“ 
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Escalating cost estimates 
Recent Industry Experience 
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Economic scenarios examined 
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F-T fuel price vs. emissions 
Breakeven price for low/baseline/high cost cases 
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Next steps in costing work 
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